Introduction
Dynamic characteristics of a structural system, such as natural frequency, damping, and mode shape have been widely used for structural model updating, structural health monitoring, and structural control. In the early period of structural health monitoring, studies have focused on the possibility of using modal properties, e.g., shifts in resonant frequencies as indicators of structural damage. Many researchers have investigated and applied vibration monitoring to offshore structures (Vandiver, 1977; Kenley and Dodds, 1980; Osegueda et al., 1992) .
The consequence of seismic events and failure of bridge have resulted in attempts to monitor the integrity of bridges (Biswas et al., 1990; Choi et al., 2004) . The use of sensitivity approaches based on the relationship between the eigenfrequencies, modal stiffness, modal mass, and modal damping have focused on the development of methods that predict the location and magnitude of any damage in the structure (Stubbs and Osegueda, 1990 ). In addition, Park et al. (2006) presented blind test results of damage detection by using the simulated time domain data from a four-story steel frame. They reported the results of modal analysis and also reported damage locations and estimation of damage severities for two damage cases using only mode shapes of undamaged and damaged structures.
Recently, the possibility of monitoring the structural integrity of a containment structure in the nuclear power plant was explored by utilizing modal properties from an ambient vibration measurement (Choi et al., 2010) . In this study, the modal parameters, i.e., resonant frequencies and corresponding mode shapes, were extracted using the peak picking and the frequency domain decomposition methods. A sensitivity-based structural identification technique with the finite element model was used to identify the elastic modulus of the concrete. Also, an application of modal parameters in damage detection for a truss structure was investigated via numerical examples (Park, 2008) .
Usually the structural model updating, structural health monitoring, and the structural control methods comprise the measurement technique for recording dynamic responses, the data processing technique for extracting dynamic characteristics, e.g., resonant frequencies, damping, and mode shapes, and the system identification technique for relating the extracted dynamic characteristics to physical properties of the structural system. (Doebling et al., 1996) . 
Experimental modal test in the laboratory

Description of the test structure
The structure of interest in this test is a steel-box which is floating on the water. The measurement technique used here is a modal impact testing (impulse excitation) for laboratory data collection.
Measurement methodology and instrumentation
Fixed-point response measurement testing with roving Table 1 . Table 2 . The resultant mode shapes are depicted in Fig. 7 . The material properties for the finite element model are generated as follows: (1) A free-vibration analysis is performed to obtain the natural frequencies and the corresponding mode shapes. The results are shown in Table 3 and Fig. 9 , respectively. Note that in Fig. 9 only the shapes of upper plate of the steel box are depicted.
The mode shapes extracted from measured FRFs and calculated from the FE model are compared in this section.
To investigate the similarity between the modes, MAC (Modal Assurance Criteria) is calculated by Eq. 1 (Ewins, 1984) . MAC values for five experimental mode shapes versus three FE mode shapes using the matching 45 degrees of freedom are presented in Table 4 . As shown in the 
Discussion of results
The mode shape of floating steel box on the water, 
Summary and conclusions
The objective of this paper is to identify the modal properties of a steel box structure floating on the water. First, high quality experimental data, which correlates well with FE predictions, can be obtained for the floating structures presented in this study.
Second, the correlations between the experimental and analytical mode shapes are identified using the modal assurance criteria and three modes show acceptable correlation.
Third, an ambient vibration measurement method along with the modal identification technique should be developed for the real massive floating structure.
Finally, more corroborated efforts are needed to enhance the accuracy of the finite element model which can explain the interaction between structure and water.
